The major pollutants emitted from spark ignition (SI) engine are carbon mono oxide (CO) and un-burnt hydrocarbons (UBHC). If the engine is run with alcohol, aldehydes have to be checked also. These are hazardous and cause health problems to human beings but also have impact on environment. Hence control of these pollutants call for immediate attention. Copper of thickness 300 microns is coated over piston crown, and indie portion of cylinder liner and cylinder head of the spark ignition engine. Investigations have been carried out for controlling pollutants from two strokes, 2.2 kW brake power at the rated speed of 3000 rpm, copper coated spark ignition engine fitted with catalytic converter with different catalysts such as sponge iron and manganese ore run with gasohol (blend of 20% ethanol and 80% gasoline by volume). The influence of parameters of catalytic converter (such as void ratio, mass of catalyst, airflow rate, temperature of injected air) and parameters of engine (such as brake power and equivalence ratio) on these emissions are studied. A microprocessor-based analyzer is used for the measurement of CO/UBHC in the exhaust of the engine. Aldehydes are measured by DNPH (dinitrophenyl hydrazine) method. Catalytic parameters are found to show strong influence on reduction of the pollutants in the exhaust. Copper coated spark ignition engine (CCE) with gasohol operation reduced the exhaust emissions considerably when compared to conventional engine (CE) with pure gasoline operation.
Materials and Methods
The experimental set-up employed in the present study is shown in Fig.1 . A two-stroke, single-cylinder, air-cooled, spark ignition engine of brake power 2.2 kW at rated speed of 3000 rpm is used. The engine is coupled to an eddy current dynamometer for measuring its brake power. The compression ratio of the engine is 7.5:1. The diameter and stroke of the cylinder are 57 mm each. In the present investigations, in reducing CO/UBHC emissions, the piston crown and inside surface of the cylinder liner and cylinder head are coated (Nedunchezhian N and Dhandapani S., 2000) with copper by plasma spraying. A bond coating of Ni-Co-Cr alloy is applied for a thickness of about 100 microns using a 80 kW METCO plasma spray gun. Over the bond coating copper 89.5%, Aluminium 9.5% and iron 1.0% is coated for 300 microns thickness. The coating had very high bond strength and does not wear off even after 50 hrs of operation. A catalytic converter shown in Fig. 2 is fitted to the exhaust pipe of the engine. Provision is made to inject a definite quantity of air into the catalytic converter. The converter is filled with sponge iron/manganese ore as catalyst with varying void ratios (where void ratio is the ratio between the volume occupied by the catalyst to the volume of the catalytic chamber) ranging from 0.1 to 1. CO/UBHC emissions in the exhaust of the engine are measured with Netel Chromatograph analyzer. Various sets of the exhaust gases are drawn at three different locations, 1) immediately after the exhaust valve of the engine, 2) after the catalytic converter, and 3) at the outlet after air injection into the catalytic converter. The quantity of air drawn from the compressor and injected into the converter is kept constant so that the backpressure does not increase and reverse flow not created in the converter. DNPH method (Kuta, Oishi Kiyohiko and Tanaka To Shiaki, 1980) is employed for measuring aldehydes in the experimentation. The exhaust of the engine is bubbled through 2,4 dinitrophenyl hydrazine (2,4 DNPH) solution. The hydrazones formed were extracted into chloroform and are analyzed by employing high performance liquid chromatography (HPLC) to find the percentage concentration of formaldehyde and acetaldehyde in the exhaust of the engine. Experiments are carried out on different configurations of the engine like CE and CCE with different test fuels like pure gasoline and gasohol under different sets like set-A-without catalytic converter and without air injection, set-B-with catalytic converter and without air injection and set-C with catalytic converter and with air injection.
Results
The variation of CO emissions at the peak load operation of the different configurations of the engine with gasoline as fuel with void ratio of the catalytic converter with different operating conditions with different catalysts.
The variation of CO emissions at the peak load operation of the CE with gasoline as fuel with void ratio of the catalytic converter with different operating conditions with sponge iron as catalyst is shown in Fig. 3(a) .
The variation of CO emissions at the peak load operation of the CE with gasoline as fuel with void ratio of the catalytic converter with different operating conditions with manganese ore as catalyst is shown in Fig. 3(b) .
The variation of CO emissions at the peak load operation of the CCE with gasoline as fuel with void ratio of the catalytic converter with different operating conditions with sponge iron as catalyst is shown in Fig. 3(c) .
The variation of CO emissions at the peak load operation of the CCE with gasoline as fuel with void ratio of the catalytic converter with different operating conditions with manganese ore as catalyst is shown in Fig. 3(d) .
The variation of CO emissions at the peak load operation of the different configurations of the engine with gasoline as fuel with mass of catalyst with different operating conditions with different catalysts is shown in Fig.4 .
The variation of CO emissions at the peak load operation of the CE with gasoline as fuel with mass of the sponge iron as catalyst is shown in Fig. 4 (a).
The variation of CO emissions at the peak load operation of the CE with gasoline as fuel with mass of manganese ore as catalyst is shown in Fig. 4(b) .
The variation of CO emissions at the peak load operation of the CCE with gasoline as fuel with mass of the sponge iron as catalyst is shown in Fig. 4(c) .
The variation of CO emissions at the peak load operation of the CCE with gasoline as fuel with mass of the manganese ore as catalyst is shown in Fig. 4(d) .
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with amount of injected air with different catalysts with void ratio of 0.7 is shown in Fig. 5 .
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with the amount of injected air with sponge iron as catalyst, with void ratio of 0.7 is shown in 5(a).
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with amount of injected air with manganese ore as catalyst with void ratio of 0.7 is shown in Fig. 5(b) .
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with temperature of injected air with different catalysts with void ratio of 0.7 is shown in Fig. 6 .
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with temperature of injected air with sponge iron as catalyst with void ratio of 0.7 is shown in Fig. 6(a) .
The variation of CO emissions with different test fuels with different configurations of peak load of the engine with temperature of injected air with manganese ore as catalyst with void ratio of 0.7 is shown in 6(b). 
Discussion
From the Fig. 3(a) , it can be observed that the CO emissions reduced considerably with increasing void ratio for different sets. However, beyond the void ratio of 0.7, CO reduction is less due to decrease of surface/volume ratio and increase of backpressure on the engine.
From the Fig. 3(b) , it is evident that CO emissions reduced considerably at void ratio of 0.7 with manganese ore as catalyst. However, the reduction of CO emissions is less when compared with sponge iron as catalyst. Similar trends are observed with Fig. 3 (c) and Fig. 3(d) with that of Fig. 3(a) . The optimum void ratio is found to be 0.7 with different configurations of the engine with different catalysts. From the Fig. 4(a) , it can be observed that the CO emissions reduced considerably with increasing mass of catalyst. The reduction of CO emissions is found to be greater at mass of 2 kg of sponge iron. Beyond 2 kg of mass of sponge iron there is not much reduction of CO emissions. Oxidation reaction is completed with optimum mass of the catalyst. Hence more than 2kg mass of the catalyst, there is not much reduction of CO emissions. From the Fig. 4(b) , it can also be observed that the CO emissions reduced considerably with increasing mass of catalyst. The reduction of CO emissions is found to be greater at mass of 2.5 kg of manganese ore. Beyond 2.5 kg of mass of manganese ore there is not much reduction of CO emissions. For the same volume of the catalyst (void ratio is the same), the mass of the manganese ore is more as its density is high when compared with sponge iron. The trends observed with CCE are similar to those of CE with both catalysts. Hence , it can be observed that percentages of CO emissions are found to be lower when injected air quantity is 60 l/min for CE and 50 l/min for CCE respectively with gasoline as fuel. However, with gasohol operation, CO reduction is found to be higher at 40 l/min on both versions of the engine. Excessive airflow rate has low residence time, while lower airflow rate is not sufficient for oxidation reaction to convert CO to carbon dioxide. Thus gasohol requires lower quantity of air in CCE when compared to pure gasoline operation on CE. Fig. 6(a) , it can be observed that as temperature of injected air increased, CO emissions are observed to be low for both test fuels with different configurations of the engine. When temperature of the injected air is 120 o C, CO emissions are recorded at lower levels with gasoline operation on both versions of the engine, while it is 180 o C with gasohol operation. This is due to lower exhaust gas temperature with gasohol operation, with which temperature needed to promote oxidation reaction is higher when compared to gasoline. Fig. 6(b) follows the similar trend of Fig.  6(a) . However, the percentage reduction of CO is less with manganese ore when compared with sponge iron. Fig. 7 shows the variation of CO emissions with BMEP in different versions of the engine with both test fuels. Gasohol decreased CO emissions at all loads when compared to pure gasoline operation on CCE and CE, as fuel-cracking reactions (Khopkar S M, 2011) are eliminated with ethanol. Efficient combustion with gasohol coupled with catalytic activity with copper coating decreased CO emissions considerably with gasohol operation on CCE in comparison with pure gasoline operation on CE. The combustion of alcohol produces more water vapor than free carbon atoms as ethanol has lower C/H ratio of 0.33 against 0.5 of gasoline. Ethanol has oxygen in its structure and hence its blends have lower stoichiometric air requirements compared to gasoline. Therefore more oxygen that is available for combustion with the blends of ethanol and gasoline, leads to reduction of CO emissions. Ethanol dissociates in the combustion chamber of the engine forming hydrogen, which helps the fuel-air mixture to burn quickly and thus increases combustion velocity, which brings about complete combustion of carbon present in the fuel to CO 2 and also CO to CO 2 thus makes leaner mixture more combustible, causing reduction of CO emissions. CCE reduces CO emissions in comparison with CE. Copper or its alloys acts as catalyst in combustion chamber, whereby facilitates effective combustion of fuel leading to formation of CO 2 instead of CO. Similar trends are observed with Reference-8 with pure gasoline operation on CCE. Fig. 8 shows the variation of CO emissions with equivalence ratio,  in both configurations of the engine with both test fuels. At leaner mixtures marginal increase in CO emissions, and at rich mixtures drastic increase in CO emissions are observed with both test fuels in different configurations of the engine. With gasohol operations minimum CO emissions are observed at  = 0.85 and with pure gasoline operations minimum CO emissions are observed at  = 0.9 with both configurations of the engine. This is due to lower value of stoichiometric air requirement of gasohol when compared with gasoline. Very rich mixtures have incomplete combustion. Some carbon only burns to CO and not to CO 2 . Fig. 9 shows the variation of un-burnt hydro carbon emissions (UBHC) with BMEP in different versions of the engine with both test fuels. UBHC emissions followed the same trend as CO emissions in CCE and CE with both test fuels, due to increase of flame speed with catalytic activity and reduction of quenching effect with CCE. Catalytic converter reduced pollutants considerably with CE and CCE and air injection into catalytic converter further reduced pollutants. In presence of catalyst, pollutants get further oxidised to give less harmful emissions like CO 2 . Sponge iron decreased CO emissions considerably when compared with manganese ore in both versions of the engine with different configurations of the engine. Similar trends are observed with Reference-8 with pure gasoline operation on CCE. Fig. 10 shows the variation of UBHC emissions with equivalence ratio,  with both test fuels in both configurations of the engine. The trends followed by UBHC emissions are similar to those of CO emissions. Drastic increase of UBHC emissions is observed at rich mixtures with both test duels in different configurations of the engine. In the rich mixture some of the fuel will not get oxygen and will be completely wasted. During starting from the cold, rich mixture is supplied to the engine, hence marginal increase of UBHC emissions is observed at lower value of equivalence ratio. From the Table-1 and Table- 2, it can be observed that CO and UBHC emissions deceased considerably with catalytic operation in set-B with gasohol and further decrease in emissions is more pronounced with air injection with the same fuel. The effective combustion of the gasohol itself decreased CO emissions in both configurations of the engine. Sponge iron decreased CO emissions effectively when compared with the manganese ore in both versions of the engine with both test fuels From Table- 3 it can be observed that formaldehyde emissions increased drastically with gasohol operation in both versions of the engine in comparison with pure gasoline operation. However, the percentage increase in formaldehyde emissions is less with CCE when compared with CE. This shows that CCE decreases formaldehyde emissions considerably. With the both test fuels, CCE drastically decreased formaldehyde emissions in comparison with CE. The intermediate compounds will not be formed is the reason for decrease of formaldehyde emissions in CCE. This shows combustion is improved with catalytic activity in CCE which decreased formaldehyde emissions. Formaldehyde emissions decreased with Set-B operation and further decreased in Set-C operation in both versions of the engine with both test fuels. This is due to increase of oxidation reaction with the use of catalyst and air which caused reduction of formaldehyde contents. Set-B operation with catalytic converter decreased pollutants considerably with both test fuels with different configuration of the engine, while further decrease in pollutants is pronounced with Set-C operation. This is due to improved oxidation reaction of the catalyst and air. Sponge iron is more effective in reducing formaldehyde emissions, when compared with manganese ore. Table-4 follows the similar trend with Table-3. However, the magnitude of acetaldehyde concentration is higher in comparison with formaldehyde emissions in both versions of the engine with both test fuels.
Conclusions
A void ratio of 0.7 is found to be the optimum for different test fuels with different versions of the engine. CO/UBHC emissions at peak load decreased by 20% -45% with the change of the engine configuration from conventional version to catalytic coated engine with test fuels. Pollutants decreased by 25-45% with the change of fuel from gasoline to gasohol in both versions of the engine under different operating conditions of the catalytic converter. Air injection decreased the emissions by 60% with different test fuels with different configurations of the engine. Increasing of temperature of air decreased CO emissions considerably. Lean mixtures decreased CO and UBHC emissions. At nearly 80% of the full load of the engine these pollutants decreased drastically. 
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